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Waist Circumference Is the Best Index
for Obesity-Related Cardiovascular Disease
Risk in Individuals with Spinal Cord Injury
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Abstract

Obesity is an important identifier of cardiovascular disease (CVD) risk, but is challenging to determine accurately in
individuals with spinal cord injury (SCI). Body mass index (BMI) is used worldwide as a simple indicator of obesity, but
is difficult to measure in individuals with SCI. Furthermore, standard BMI cutoffs underestimate obesity in this popu-
lation. Therefore, we aimed to identify the best marker of obesity in individuals with SCI, considering both practicality,
and ability to detect adiposity and CVD risk. Five anthropometric measures were evaluated: BMI; waist circumference
(WC); waist-to-height ratio (WHtR); waist-to-hip ratio; and neck circumference. We evaluated relationships between
these measures and abdominal and total body-fat percentage, seven cardiovascular metabolic risk factors (fasting insulin,
glucose, glucose tolerance, triglycerides, high-density lipoprotein, low-density lipoprotein, and total cholesterol), and the
Framingham risk score. BMI, WC, and WHtR were correlated with abdominal fat percentage. WC and WHtR were
correlated with five metabolic risk factors as well as the Framingham risk score. WC is a more practical measure for an
SCI population. The optimal cutoff for identifying adverse CVD risk in individuals with SCI was identified as WC
294 cm, with 100% sensitivity and 79% specificity. We propose that WC is a simple, more sensitive alternative to BMI in
this population that is easy to use in multiple settings. The cutoff provides a simple tool to predict adverse CVD risk
profiles that can be used to guide risk management, as well as as a practical aid for individuals with SCI to maintain a
healthy body composition.
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Introduction A first step to address the issue of obesity after SCI is to find an

accurate, simple, and meaningful assessment tool that can be used

GREAT PROGRESS has been made in surgical techniques and
initial care for individuals who sustain a spinal cord injury
(SCI), but secondary complications after injury remain a major
concern. Cardiovascular disease (CVD) is one of these secondary
complications and is the leading cause of morbidity and mortality
in this population, with SCI patients experiencing an earlier onset
and faster progression of CVD than in the general population.'~
Obesity and, in particular, visceral adiposity, are important and
well-known risk factors for CVD,*>™ but remain challenging to
accurately determine in individuals with SCL° This is particularly
important because after an SCI, individuals undergo changes in
body composition, metabolic rate, and autonomic function. These
alterations, coupled with a more sedentary lifestyle after injury,
may lead to higher prevalence of obesity in this population.

to identify obesity in this population. Two characteristics that are
important in the assessment tool are the practicality and accuracy of
the tool. Body mass index (BMI; weight/height?) has been used
worldwide and is promoted by the World Health Organization as a
simple indicator of obesity in the general population.”® Although
BMI does not specifically measure fat mass, it has been shown to
correlate well with measures of body fat at a population level ®
However, in the SCI population, BMI is not a very practical or
accurate measure of obesity. For example, to measure weight, a
wheelchair scale is needed. Height can be inferred from length,
while lying supine with straight legs and flexed feet, but this po-
sition can be challenging due to contractures and spasticity. Not
only is the use of BMI as a measure of obesity impractical in an SCI
population, but also the proposed cutoffs have been shown to
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underestimate obesity in this population.”!! This is likely due to
decreases in muscle mass below the lesion after injury, such that
individuals with SCI with the same height and weight (and thus
BMI) as an able-bodied individual will have greater fat mass.

Four other anthropometric measures that have been used as
surrogate markers for obesity in the able-bodied population are
waist circumference (WC), waist-to-hip ratio (WHR), waist-to-
height ratio (WHtR), and neck circumference (NC). WC is simply
measured in a standing position, using a tape measure around the
abdomen after normal expiration. Although some groups advocate
variations in the exact measurement location for WC, the strength
of the correlations between WC and both fat percentage and CVD
risk factors have been shown to be equally strong for several lo-
cations of WC measurements.'? In the able bodied, WC has been
shown to be a strong predictor for both total body fat and visceral
adipose tissue'*'® and is highly correlated with CVD risk factors
directly.''7'® In contrast to the standard in the able-bodied pop-
ulation, WC is measured in the supine position in individuals with
SCIL.° This is because in the supine position, WC is less dependent
on abdominal muscle tone, which may be impaired in individuals
with SCI. Several studies suggest strong correlations between WC
and adiposity, as well as SCI and CVD risk,'*" and one study has
shown correlations between visceral adiposity, WC, and metabolic
risk factors for CVD.*? However, no study to date has examined the
relationships between multiple candidate markers of obesity, adi-
posity, and overall risk of CVD to determine the best index for
obesity-related CVD in a SCI cohort. Although WC has been
shown to be highly correlated with visceral fat in both the able-
bodied population and in individuals with SCI, the latter have
42% more visceral adipose tissue at the same WC, suggesting
that the cut-off criteria for obesity should be lowered in this
population.*

The disadvantage of WC is that it assumes that CVD risk is the
same for everyone with the same WC regardless of their height, or
body shape, and this might not be the case.?*** Accordingly, WHR
and WHIR are two parameters that are commonly used to “‘correct™
WC to account for these differences. In the able bodied, both have
been shown to be better predictors of CVD than WC in a large
meta-analysis, with WHtR being the strongest predictor.>* How-
ever, WHR is arguably more suitable for an SCI population be-
cause the difficulties with measuring height are avoided. To date,
only one study has examined the validity of the corrected WC
markers in the SCI population.® They showed that WHR is
strongly correlated with visceral adiposity in individuals with SCI,
but not how this relates to the presence of other adverse CVD risk
factors.”

Finally, several recent studies in the able bodied identified a
strong correlation between NC and visceral adipose tissue, as well
as a correlation with CVD risk above and beyond the risk related to
visceral fat.>>~2® Whether NC is also a predictor for obesity or other
adverse cardiovascular risk factors in individuals with SCI is un-
known.

Thus, it remains unclear which of these suggested markers is the
strongest predictor of obesity in individuals with SCI. Further,
because, arguably, the more relevant information is not just whe-
ther a marker can detect obesity, but whether this increased adi-
posity is associated with increased risk of CVD, additional studies
examining their relationships with CVD risk factors after SCI are
warranted. The aim of this study was, therefore, to identify the best
marker for obesity-related CVD risk profile in individuals with SCI,
considering both practicality of use and ability to detect 1) adi-
posity and 2) CVD risk factors.
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Methods

This study received ethical approval from the research ethics
committee at Simon Fraser University (Burnaby, British Columbia,
Canada) as well as the Vancouver Coastal Health Research Institute
(Vancouver, British Columbia, Canada) and was performed in as-
sociation with the Declaration of Helsinki of the World Medical
Association.

Participants

Studies were performed on 27 individuals with chronic SCI (> 1
year) who gave written informed consent, had no known pre-
existing (before injury) CVD, and were not taking any cardiovas-
cular medications. Individuals with SCI were recruited from
posters displayed at rehabilitation centers as well as through local
SCI support groups. All participants abstained from drinking al-
coholic beverages from the night before testing and from caffeine
on the morning of testing. They did not participate in vigorous
exercise on the morning of testing. Females were not tested during
their menstrual period. Neurological classification of level and
severity of injury was determined using the American Spinal Injury
Association (ASIA) Impairment Scale (AIS).*’ An AIS A score
reflects complete loss of motor and sensory function; the B, C, and
D scores reflect progressively less-severe impairments. Level of
injury and impairment scored together form the classification of the
injury (e.g., TSA). Smoking status was recorded. Arterial blood
pressure was determined as a mean of a 30-sec beat-to-beat blood
pressure recording using finger plethysmography (Finometer Pro;
Finapres Medical Systems, Amsterdam, the Netherlands) after
15 min of supine rest. Physical activity levels were determined
from the Physical Activig}/ Scale for Individuals with Physical
Disabilities questionnaire.’® This 13-item questionnaire incorpo-
rates questions about physical activity during the past 7 days and
includes activities such as household work, leisure time activities,
and sports. The questionnaire provides a total score in metabolic
equivalent (MET) hours per day (MET h/day).

Anthropometric variables

BMI was calculated from weight (kg), determined using a Dual-
Energy X-ray Absorptiometry (DEXA) whole-body scan (QDR
4500; Hologic Inc., Bedford, MA), divided by height squared (m?),
determined using an electronic ruler (MATLAB 2012b, Math-
Works, Natick, MA) on the DEXA images. Length, as determined
using a similar method, has been shown to correlate well with
measured height in the able-bodied population (Pearson’s corre-
lation coefficient, 0.996).'! In cases where participants could not
fully stretch their legs because of contractures or spasticity, a self-
reported measure of height was used (n=4). WC was measured in
cm at the narrowest part of the waist after a normal expiration.’ This
site was chosen for ease of localization and measurement when the
participant was lying supine. Hip circumference (HC) was mea-
sured in cm around the widest portion of the buttocks. Both WC and
HC measurements were taken, while lying supine on the DEXA
scanner bed, using a stretch-resistant measuring tape with a tensi-
ometer.” WHR was determined by dividing the measured WC by
the measured HC. WHtR was determined by dividing the measured
WC by height. NC (in cm) was measured at the mid-point between
the jaw and the clavicle. All measurements were conducted by the
same investigator.

Body composition

Total body-fat mass (in kg) and total body-fat percentage were
determined using the whole-body DEXA scan. Abdominal fat was
determined using standardized landmarks to distinguish the trunk
region,’! and abdominal fat percentage was determined as ab-
dominal fat mass divided by total mass in the defined region x 100.
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Fasting plasma levels of lipids, glucose, and insulin

A venous blood sample was collected after a 12-h overnight fast
(excluding water). Samples were centrifuged immediately at 3°C
and 3000 rpm for 10 min and the plasma component withdrawn for
subsequent analysis. The plasma samples were sent to the clinical
laboratory at Vancouver General Hospital, where high-density lipo-
protein cholesterol (HDL-C), total cholesterol (TC), triglyceride
(TG), and glucose levels were determined by enzymatic assays (Di-
mension Vista system; Siemens Healthcare Diagnostics Inc, Tarry-
town, NY). Low-density lipoprotein cholesterol (LDL-C) levels were
calculated using the Friedewald method.*> TC/HDL-C was calculated
from TC and HDL-C levels. Plasma insulin was determined at the
same laboratory using an immunoassay (ADVIA Centaur assay;
Siemens Healthcare Diagnostics). Insulin resistance (IR) was calcu-
lated using the homeostasis model assessment (HOMA-IR) method.>

Oral glucose tolerance test

Participants fasted for 12h overnight before the test, with the
exception of drinking water. A finger-prick method was used to
determine blood-glucose levels (Contour; Bayer Inc., Toronto,
Ontario, Canada) in the fasting state and 30, 60, 90, and 120 min
after consumption of a 75-g glucose solution (Glucodex 75g;
Rougier Pharma, Mirabel, Quebec, Canada).

Framingham 30-year risk for cardiovascular
disease score

We used the Framingham 30-year risk for CVD risk score* as a
measure of overall risk of CVD. This risk score incorporates the
following risk factors: HDL-C; TC; age; gender; systolic arterial
pressure (SAP) at rest; smoking status; diabetes; and antihyper-
tensive treatment. However, instead of including the measured
SAP, we entered a neutral SAP value of 120 mmHg into the risk
score formula for all participants. This decision was based on the
fact that SCI can impair normal blood-pressure control with lesions
above the sixth thoracic level, leading to lower resting blood
pressure.*>*® The known relationship between SAP and CVD risk
might therefore not exist in the same way in this population. A risk
score under 10% is considered low risk, a score between 10 and
20% an intermediate risk, and above 20% a high risk.>’

Statistical analyses

All statistical analyses were performed using SigmaPlot statis-
tical software (version 12; Systat Software Inc., San Jose, CA).
Data were tested for normality using Shapiro-Wilk’s test. Corre-
lations were performed using Pearson’s product moment analyses
(parametric data) or Spearman’s rank-order tests (nonparametric
data) to examine the relationships between the anthropometric
parameters and abdominal fat percentage, individual risk factors, or
the Framingham risk score. Receiver operator characteristic (ROC)
curves were generated for the anthropometric measures that were
significantly correlated with both abdominal fat percentage and
the Framingham risk score. A Framingham 30-year risk score of
10% or more was considered a positive outcome. Significance was
assumed at p <0.05; data are reported as mean*standard devia-
tion (SD).

Results
Participants

Twenty-seven individuals (19 men and 8§ women) with a range of
injury levels from the fourth cervical level to the twelfth thoracic
level, including both complete and incomplete injuries, participated
in this study. Fifteen individuals had a cervical lesion and 12 had a
thoracic lesion. There were 14 individuals with AIS A scores, 6
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TABLE 1. PARTICIPANT CHARACTERISTICS

Number of
Characteristics Mean (SD) participants
Age (years) 40 (11) 27
Duration of injury (months) 166 (116) 27
BMI (kg/m?) 23.7 (4.4) 27
WC (cm) 87.4 (11.7) 27
WHtR 0.51 (0.07) 27
WHR 0.87 (0.10) 27
NC (cm) 394 (3.1) 22
TC (mmol/L) 3.80 (0.79) 23
HDL-C (mmol/L) 1.13 (0.32) 23
LDL-C (mmol/L) 2.23 (0.73) 23
TGs (mmol/L) 0.96 (0.44) 23
Total/HDL-C ratio 3.60 (1.19) 23
Insulin (mU/L) 6.4 (3.3) 23
IR 1.3 (0.7) 23
Glucose (mmol/L) 4.5 (0.5) 23
120-min glucose (mmol/L) 74 (1.4) 27
Total body fat (%) 28 (8) 26
Abdominal fat (%) 27 (8) 26
Modified Framingham risk score (%) 15 (8.3) 23
Physical activity score 16.0 (11.5) 26

(MET h/day)

We were unable to obtain a blood sample in 4 participants (3 females
and 1 male) because of difficulties in obtaining venous access or because
the participant declined the blood sample. One participant was unable to
complete the DEXA scan. Neck circumference was not measured in 5
participants. None of the participants had evidence of diabetes, but 9
individuals met criteria for impaired glucose tolerance.*®

BMI, body mass index; WC, waist circumference; WHIR, waist-to-
height ratio; WHR, waist-to-hip ratio; NC, neck circumference; TC, total
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; TGs, triglycerides; IR, insulin resistance;
MET, metabolic equivalent; SD, standard deviation.

TABLE 2. CORRELATIONS BETWEEN ANTHROPOMETRIC
VARIABLES AND BoDy COMPOSITION

Total body fat

%o g
r P r P
BMI 0.73 0.0001 0.90 <0.0001
wC 0.44 0.03 0.68 0.0002
WHtR 0.63 0.0006 0.73 <0.0001
WHR 0.13 0.52 0.32 0.12
NC 0.36 0.11 0.62 0.003
Abdominal fat
%o 8
r P r P
BMI 0.79 <0.0001 0.89 <0.0001
wC 0.59 0.002 0.79 <0.0001
WHtR 0.74 <0.0001 0.81 <0.0001
WHR 0.34 0.09 0.49 0.02
NC 0.40 0.08 0.63 0.002

BMI, body mass index; WC, waist circumference; WHItR, waist-to-
height ratio; WHR, waist-to-hip ratio; NC, neck circumference.
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with AIS B, 5 with AIS C, and 2 with AIS D. Participant charac-
teristics are shown in Table 1.

Anthropometric measures and body composition

The anthropometric parameters BMI, WC, and WHtR were
significantly and positively correlated with abdominal fat and total
body fat, both when expressed as absolute fat mass and percentages
(Table 2). Correlations between both WHR and NC and measures
of adiposity were less strong and, in many cases, did not achieve
statistical significance. BMI, WC, and WHtR were the anthropo-
metric measures most strongly correlated with abdominal fat per-
centage (Fig. 1).
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Anthropometric measures and cardiovascular
disease risk factors

The correlation coefficients between anthropometric variables
and CVD risk factors are shown in Table 3. BMI was positively
correlated with only one of the CVD risk factors: fasting TG level.
WC was positively correlated with five CVD risk factors: fasting
glucose; TG; TC; LDL-C; and TC/HDL-C ratio. WHR correlated
positively with four CVD risk factors: fasting glucose; TC; LDL-C;
and TC/HDL-C ratio. WHtR was positively correlated with four
CVD risk factors: TC; TG; TC/HDL-C ratio; and 120-min glucose.
NC was not significantly correlated with any of the CVD risk
factors.
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Correlations between abdominal fat percentage and anthropometric markers for obesity. (A) Body mass index (BMI); (B)

waist circumference (WC); (C) waist-to-height ratio (WHtR); and (D) waist-to-hip ratio (WHR). Regression lines and confidence

intervals are shown for significant (p <0.05) correlations.



TABLE 3. CORRELATION COEFFICIENTS BETWEEN ANTHROPOMETRIC VARIABLES AND INDIVIDUAL Risk FACTORS

Fasting TC/HDL-C 120-min
Insulin glucose G TC HDL-C LDL-C ratio glucose IR

BMI

r 0.29 0.37 0.48 0.33 0.12 0.12 0.23 0.11 0.34

P 0.18 0.09 0.02 0.12 0.58 0.57 0.29 0.60 0.11
wC

r 0.10 0.46 0.46 0.57 -0.11 0.43 0.56 0.32 0.20

p 0.64 0.03 0.03 <0.01 0.61 0.04 <0.01 0.10 0.35
WHR

r 0.31 0.50 0.40 0.61 -0.24 0.48 0.62 0.30 0.41

p 0.14 0.01 0.06 <0.01 0.27 0.02 <0.01 0.13 0.05
WHtR

r 0.20 0.36 0.43 0.54 0.07 0.33 0.44 0.39 0.26

)4 0.35 0.09 0.04 <0.01 0.76 0.12 0.04 0.04 0.23
NC

r -0.10 0.41 0.36 0.30 —-0.10 0.38 0.35 0.33 -0.01

p 0.66 0.06 0.11 0.19 0.66 0.09 0.12 0.13 0.97

Statistically significant correlations are shown in bold text.
BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; NC, neck circumference; TG, triglyceride;
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; IR, insulin resistance.
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Anthropometric measures and the Framingham
30-year risk score

Of the anthropometric measures, only BMI was not significantly
correlated with the Framingham risk score. WC had the strongest
correlation (r=0.66; p<0.001) with the risk score, but WHtR
(r=0.60; p<0.01), WHR (r=0.56; p<0.01), and NC (r=0.51;
p=0.02) also showed significant correlations. ROC curves were
generated for WC and WHtR because those measures were most
strongly correlated with both the Framingham risk score and
measures of adiposity. The area under the curve (AUC) for WC was
0.92 and the optimal cutoff was determined at 94 cm (95% confi-
dence interval [CI], 0.72-0.99; p <0.0001), with a specificity of
100% and a sensitivity of 79%. For WHIR, the AUC was 0.87 (95%
CI, 0.66-0.97; p <0.0001) and the optimal cutoff was determined at
0.53, with a specificity of 100% and a sensitivity of 71%. The ROC
curves for a subgroup of only male participants showed the optimal
cutoff for WC at 94 cm and 0.51 for WHtR. Correlations and ROC
curves for WC and WHtR with the Framingham risk score are
shown in Figure 2.

We used a modified Framingham risk score, with a neutral value
for SAP because of the known effect of SCI on blood pressure
regulation. However, when the analyses were repeated using the
original Framingham risk score (including measured SAP), our
results were unchanged. WC still had the strongest correlation with
the risk score (r=0.55; p=0.006), and the ROC for WC had an
AUC of 0.92 and an optimal cutoff at 94 cm. Similar results were
obtained when we restricted these analyses to male participants.

Discussion

The main findings of this study are that BMI, WC, and WHtR
were strongly correlated with measures of both total and abdominal
adiposity. In addition, WC and its normalized versions, WHtR and
WHR, were correlated with several CVD risk factors. Two of these
measures, WC and WHtR, were strongly correlated with both ad-
iposity and the Framingham 30-year CVD risk score. Of these two
measures, WHtR is the least practical measure for individuals with
SCI, because height is challenging to accurately determine in those
with contractures or spasticity. We, therefore, suggest that WC is
the best marker for obesity-related CVD risk in this population. The
stronger correlation with the Framingham risk score and the
slightly higher AUC of the ROC curve further support this con-
clusion. We showed that a cutoff for WC at 94 cm was optimal to
predict a positive outcome of > 10% risk on the 30-year risk score.

In the present study, we found that BMI was strongly related to
body-fat percentage, explaining 63% of the variance in abdominal
fat percentage and 52% of the variance in total body fat percentage.
Previously, studies in the SCI population showed that only 35-36%
of the variance in total body-fat percentage could be explained by
BML.?~*® Our finding is more similar to the 46-79% described in the
able-bodied population.” This might be because BMI was deter-
mined by length and weight measured from the DEXA scan in the
present study, which may be more robust than using self-reported
height or weight as in previous studies in SCI individuals.”*® In-
deed, the only other group that used DEXA measurements of height
and weight in people with SCI found that a similar proportion of the
variance in body fat was explained by BMI (53%)."! We compared
self-reported height and weight to height and weight determined
from the DEXA scan (data not shown). Although height from these
two methods correlated well (r=0.912; p <0.001), Bland-Altman’s
analysis showed there was a bias of approximately 2 cm, where
self-reported height was greater than that measured from DEXA.
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Self-reported weight also correlated well with weight from the
DEXA scan (r=0.945; p<0.05), but, again, Bland-Altman’s
analysis showed a bias of 1.7 kg, where self-reported weight was
greater than that measured from DEXA.

Although BMI was strongly related to abdominal adiposity and
total body fat, it was not correlated with the CVD risk factors
studied or the Framingham risk score. This discrepancy has been
documented previously,”***" and likely reflects the fact that vis-
ceral fat (rather than total body fat or even abdominal fat) is thought
to be the main contributor to CVD risk'* and cannot be discerned
from BMI measurements.*> Even the “gold standard” of DEXA,
which provides specific data on abdominal adiposity, does not have
the ability to differentiate between subcutaneous and visceral fat.
Previous studies that measured visceral fat using MRI or computed
tomography (CT) in the able bodied showed that WC and WHIR are
more strongly associated with visceral fat than BMI and so are
better predictors of CVD risk.**™** In the present study, all three
measures of waist circumference (WC, WHtR, and WHR) were
strongly correlated with the individual risk factors and were also
correlated with the Framingham 30-year risk score. Only WC and
WHIR were strongly correlated with both adiposity and risk score,
suggesting that these represent stronger markers for obesity-related
CVD risk. WC was more strongly correlated with all the cardio-
vascular risk factors and the Framingham risk score than WHtR. On
balance, and incorporating practicality of use, we conclude that WC
is the best marker for the presence of obesity-related CVD factors in
individuals with SCIL.

The Framingham risk score is a validated score from the Fra-
mingham Heart study, predicting 30-year risk of CVD.>* We
adapted the use of the score by entering a neutral value for SAP
(120 mmHg) for all participants, effectively eliminating any effect
of blood pressure. Ordinarily, an SAP above 120 mmHg would
increase the risk score and below this level would lower the risk
score. This incorporates the known contribution of hypertension, a
component of metabolic syndrome, to obesity-related CVD risk.*
However, whether the presence or absence of hypertension is as
tightly related to risk of CVD in those with SCI as in the able-
bodied population is unclear. Individuals with injury above the
sixth thoracic level can have damage to descending spinal sym-
pathetic pathways controlling the heart and vasculature, leading to
resting sympathetic hypoactivity,* low resting blood pressure, and
impaired blood-pressure control.*>*® The lowered SAP in indi-
viduals with damage to these autonomic pathways might be hy-
pothesized to have a ““protective’ effect in the risk score, but the
associated blood-pressure dysregulation also manifests in abnormal
cardiovascular reflex control*®*” that may be detrimental in terms
of CVD risk," and this delicate balance would not be captured using
the Framingham risk score. Therefore, it is unclear whether hy-
potension is necessarily cardioprotective in the SCI population. For
this reason, we decided to exclude effects of SAP on the CVD risk
score entirely. Of note, when the analyses were repeated with SAP
incorporated in the risk score, our results were unchanged, despite
an obvious change in the absolute value of the score for many
individuals.

We excluded individuals from this study with known preexisting
(before injury) CVD, because we were interested in the risk of CVD
associated with SCI. The average risk score for our sample was 15
(8.3%), indicating a moderate risk for the group as a whole. This
elevated risk score fits with the known high morbidity and mortality
resulting from CVD after SCI as well as the fact that individuals
with SCI experience an earlier onset and faster progression of CVD
than in the general population.'* However, it is likely that this is an
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underestimation of the true CVD risk in a larger cohort of indi-
viduals with SCI, incorporating those with known preexisting
CVD. Although none of our participants had diabetes, 9 met cri-
teria for impaired glucose tolerance.*® This is not surprising, given
that individuals with SCI are thought to be at increased risk of
metabolic syndrome.**-°

The optimal cutoff for WC was determined to be 94 cm. This
cutoff is lower than the 102-cm cutoff for males used in the able-
bodied population.” We did not provide separate criteria for males
and females because of the low number of women in our study; the
majority of our sample was male. This is representative of the
population of individuals with SCI as a whole, in whom the inci-
dence of injury is known to be higher in men than women.”' The
ROC curve for a subgroup of just the males revealed the same
optimal cutoff of 94 cm for WC, indicating that the cutoff is not
artificially lower as a result of inclusion of women in the sample.

The lower cutoff for WC is in line with studies that have shown
that general cutoffs for BMI and WC underestimate obesity in
individuals with SCL>'%*? This underestimation is probably a re-
sult of the fact that individuals with SCI lose muscle mass and gain
fat mass after injury and thus have a different body composition
with the same WC. This has been confirmed using computed to-
mography to determine visceral fat, where individuals with SCI had
more visceral adipose tissue, compared to able-bodied controls
matched for WC, BMI, weight, and total abdominal tissue.?? This
confirms the need for a lower cutoff for WC in this population. In
addition, the WC criteria might be expected to be slightly smaller in
our study because we conducted measurements in the supine po-
sition, instead of the upright position as in the general population,
and this would be associated with diminished gravitational effects
on abdominal distension. The concept of using a population-spe-
cific cutoff is not new and, in fact, has already been proposed for
different ethnicity,>>* gender, and age categories.>*

The main limitation of this study is the fairly small sample size.
Studies on obesity indices in the able-bodied population are usually
very large, but in a specific population such as this one, the sample
size is restricted. However, we were still able to detect substantial
correlations between body composition, CVD risk factors, and our
anthropometric measures. As a consequence of the small sample
size, we were not able to differentiate our optimal cutoff according
to age and gender. Another limitation is that we used the presence
of an adverse CVD risk profile as the main outcome measure for
correlation with our obesity markers, instead of the presence of
CVD itself. We, therefore, provide a tool to predict the presence of
an adverse risk profile and not CVD per se.

Finally, we would like to stress that although our data support the
use of WC as a measure for obesity-related CVD risk after SCI, this
should not be constituted to represent a clinical practice guideline at
the present time. Further study is required to confirm its utility, as
well as examine age- and gender-related cut-off criteria in a large
cohort of SCI individuals.

Conclusion

We propose that WC can provide a simple, more-sensitive al-
ternative to BMI that is easy to use in general medical practice,
research, or at home. This measure is well suited for use in indi-
viduals with SCI because it does not require measures of height or
weight that are more challenging to determine in this population.
We also provide an optimal WC cutoff for determining the presence
of an adverse CVD risk profile at 94 cm. This cutoff provides a
simple tool to predict adverse CVD risk profiles related to obesity
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and, once validated in a larger cohort, can be used to guide risk
management as well as as a practical aid for individuals with SCI to
maintain a healthy body composition.
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